Chlamydospores of Rhizoctonia solani pre-suspended in 20% V-8 broth for 10min were added to the surface of soil blocks to measure suppressiveness of soils based on their ability to support spore germination.
INTRODUCTION
Although lower incidence of plant disease in a certain area in comparison with that in the nearby areas has been observed in several countries, the chances for encountering this phenome non in the field are very small4). Recently Ko and Ho6) developed a germination test to detect pathogen-suppressive soils and found that suppressive soils exist commonly in nature in small localized areas.
About 37% of soil samples collected from different islands of Hawaii were suppressive to sporangial germination of Pythium splendens Braun and there was an inverse relationship between percentage of sporangial germination and soil pH11).
About 33% of soils suppressive to P. splendens were also suppressive to damping-off of cucumber caused by the pathogen.
The same approach was used by Ko and Nishijima9) to detect soils suppressive to Phytophthora capsici Leonian.
Sporangial germination of P. capsici was found to be directly correlated with soil pH.
Since Rhizoctonia solani Kiihn does not produce spores readily in culture and the fungus is unique in its ability to grow in natural soils2), relative hyphal growth was used to detect soils suppressive to this pathogen6). About 14% of soil samples tested were suppressive to hyphal growth of R. solani and there was a direct relationship between relative hyphal growth and soil pH10). 
Soils.
Soil samples were collected on the island of Hawaii from various locations which represented different vegetation, soil type or elevation.
Soils were taken from a depth of 0 to 15cm after surface litter was cleared, sieved through a 2-mm screen, moistened to about 65 field capacity and stored in polyethylene bags for at least one week. This allowed microorganisms to exhaust nutrients which may have become available due to soil disturbance.
Soil pH was determined with a pH meter after mixing soil with distilled water at the ratio of 1:2.5 (w/v). 
RESULTS

Development of the germination test
The South Kohala soil (pH 6.5) which is conducive to hyphal growth of R. solani3) was used in this study. Without addition of exogenous nutrients, chlamydospores of R. solani germinated only 14% on conducive soil (Table 1) . When chlamydospores were suspended in various con centrations of V-8 broth for 1 hr before being added to soil, germination was increased to 84 with 10% V-8 broth and 94% or more with 20-50% V-8 broth ( Table 1) . In a separate test, chlamydospores germinated 93% in soil when they were pre-suspended in 20% V-8 broth for 10 or 30min. Based on these data, chlamydospores of R. solani pre-treated with 20% V-8 broth for 10min were used to assay pathogen suppression of soils in the subsequent study.
Suppression
of chlamydospore germination of R. solani on soil
Germination on soils of chlamydospores of R. solani coated with nutrients varied greatly, ranging from 6 to 97% among the 124 soil samples tested (Fig. 2) . About 15% of the soil samples tested were suppressive to R. solani supporting less than 50% germination of chlamydospores. There was a direct relationship between percentage of chlamydospore germination and soil pH. The regression equation was Y=35.63 +6.68X and the correlation coefficient was 0.26 which was significant at P=0.05.
Effects
of suppressive soil on disease severity and survival of R. solani Onomea forest soil (pH 4.6) which supported 16% germination of chlamydospores of R. solani was used to study the effects of suppressive soil on disease severity and survival of R. solani. South Kohala soil was used as the conducive control. Percentage of infection of radish seedlings caused by R. solani was greatly reduced in suppressive soil compared with that in conducive soil (Fig. 3) . For example, when soils were infested with 0.1% inoculum of R. solani, only about 18% of radish seedlings were infected in suppressive soil but about 62% were infected in con ducive soil. In soils infested with 0.5 or 0.1% inoculum of R. solani, disease declines at second and third plantings of radish in suppressive soil but not in conducive soil (Table 2 ). With 1.0% inoculum disease decline during successive planting in suppressive soil was not consistent. The method of plating soil clumps directly on the selective medium7) was used to determine the population of R. solani in soil. Without repeated plantings of radish, there was no difference in propagule number of R. solani in suppressive and conducive soils after the inoculum was added to soil for 21 days (Table 3 ). However, at the end of the third weekly plantings of radish, the propagule number of R. solani decreased in suppressive soil but not in conducive soil. For instance, with 0.1% inoculum the population density of R. solani was 0.8 progagules in 1g of suppressive soil and 8.5 propagules in 1g of conducive soil. Results obtained in this study with the germination test were similar to those obtained with the hyphal-growth test reported by Kobayashi and Ko10). Soils were considered suppressive when linear growth of hyphae of R. solani on these soils was less than 50% of that on conducive soil. Under such definition about 14% of the 111 soil samples collected from different islands of Hawaii were suppressive to R. solani. When soils supporting less than 50% germination of chlamydospores of R. solani were considered suppressive, about 15% of the 124 soil samples collected from the island of Hawaii were suppressive to R. solani. There was a direct correlation between soil pH and relative hyphal growth and between soil pH and chlamydospore germination of R. solani. Without the presence of radish, ability of R. solani to survive in suppressive and conducive soils was about the same. However, the population of R. solani declined faster in suppressive soil than in conducive soil when both soils were planted weekly with radish. This may indicate that R. solani is more sensitive to suppressive soil in active state than in dormant state.
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